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The combination of a serotonin reuptake inhibitor and a 5-HT2C antagonist, 
inverse agonist or partial agonist 

The present invention relates to the use of certain compounds, and to compositions of 
compounds having selective serotonin reuptake inhibiting activity and 5-HT2C 
antagonistic, partial agonistic or inverse agonistic activity for the treatment of depression 
and other affective disorders. The combined serotonin reuptake inhibiting effect and the 
5-HT2C antagonistic, partial agonistic or inverse agonistic effect may reside within the 
same chemical entity or in two separate chemical entities. 

Background 

Selective serotonin reuptake inhibitors (hereinafter referred to as SSRIs) have become 
first choice therapeutics in the treatment of depression, certain forms of anxiety and 
social phobias, because they are effective, well tolerated and have a favourable safety 
profile compared to the classic tricyclic antidepressants. 

However, clinical studies on depression indicate that non-response to SSRIs is 
substantial, up to 30%. Another, often neglected, factor in antidepressant treatment is 
compliance, which has a rather profoimd effect on the patient's motivation to continue 
pharmacotherapy. 

First of all, there is the delay in therapeutic effect of SSRIs. Sometimes symptoms even 
worsen during the first weeks of treatment. Secondly, sexual dysfimction is a side effect 
common to all SSRIs. Without addressing these problems, real progress in the 
pharmacotherapy of depression and anxiety disorders is not likely to happen. 

In order to cope with non-response, psychiatrists sometimes make use of augmentation 
strategies. Augmentation of antidepressant therapy may be accomplished through the co- 
administration of mood stabilizers such as lithium carbonate or triiodothyronin or by the 
use of electroshock. 



CONFIRMATION COPY 
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The effect of combined administration of a compound that inhibits serotonin reuptake and 
a 5-HTiA receptor antagonist has been evaluated in several studies (Innis, R.B. et al. Eur. 
J. Pharmacol 1987, 143, p. 1095-204 and Gartside, S.E. Br. J. Pharmacol 1995, 775, p 
1064-1070, Blier, P. et al. Trends in Pharmacol Science 1994, 75, 220). In these studies 
5 it was found that 5-HTia receptor antagonists would aboUsh the initial brake on 5-HT 
neurotransmission induced by the serotonin reuptake inhibitors and thus produce an 
immediate boost of 5-HT transmission and a rapid onset of therapeutic action. 

Several patent applications have been filed which cover the use of a combination of a 5- 
10 HTi A antagonist and a serotonin reuptake inhibitor for the treatment of depression (see 
e.g. EP-A2-687 472 and EP-A2-714 663). 

Another approach to increase terminal 5-HT would be through blockade of the 5-HTi b 
autoreceptor. Microdialysis experiments in rats have indeed shown that increase of 
15 hippocampal 5-HT by citalopram is potentiated by GMC 2-29, an experimental 5-HTib 
receptor antagonist. 

Several patent appUcations covering the combination of an SSRI and a 5-HT is antagonist 
or partial agonist have also been filed (WO 97/28141, WO 96/03400, EP-A-701819 and 
20 WO 99/13877). 

It has been demonstrated that 5-HT2c Hgands can affect the release of dopamine (DA) 
and noradrenaline (NE) in rat fi^ontal cortex. Thus, the 5-HT2c agonist Ro 60-0175 and 
the selective 5-HT2c antagonist SB-242084 suppressed and increased levels of both DA 

25 and NE, respectively, without modifying those of serotonin (5-HT) (Millan, MJ. et al. 
Neuropharmacology 1998, 57, p 953-955). A similar observation was done with the 
selective 5-HT2b/2C antagonist, SB-206553 (Gobert, A. et al. Neuropharmacology 1999, 
38, p 315-317). Activation of 5-HT2c receptors with the selective agonist MK-212 
inhibited morphine-induced DA release in rat nucleus accumbens (Willins, D.L. et al. 

30 Brain Res. 1998 781, p 291-299). A previous report demonstrated that quipazine-induced 
decrease of NE release in rat hippocampus was antagonised by ritanserin (Done, C.J. et 
al. Br J Pharmacol, 1992, 107, p 240-245). Thus, 5-HT2c receptors seem to exert an 
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influence upon release of NE and DA, but not of 5-HT. In the studies of Milan et al, 
(1998, 1999), 5-HT2C ligands were injected alone and no effect was found on 5-HT 
release. 

It is known that citalopram and fluoxetine have an inter-mediate affinity for 5-HT2c 
5 receptors (Palvimaki, E.P. Psychopharmacology (Berl) 1996, 126, p 234-240), 
Moreover, it has been reported that chronic administration of citalopram, fluoxetine and 
paroxetine leads to functional desensitisation of 5-HT2c receptors (Kennett, G.A. et al. 
Neuropharmacology 1994, 33, p 1581-1588, Maj J. et al. Psychopharmacology (Berl) 
1996, 727, p 73-82, and Quested, D.J. Psychopharmacology (Berl) 1997, 133, 305-308). 
10 It has also been suggested that this change may contribute to the therapeutic efficacy in 
depression, anxiety disorders and OCD (obsessive compulsive disorder). 

In a recent cUnical study, it was shown that pindolol and mianserin augment the efficacy 
of fluoxetine in the treatment of treatment resistant patients and that mianserin may 
shorten the latency of onset of antidepressive effect when combined with fluoxetine. The 
15 effect of mianserin in this study can be explained by at least four different mechanisms 
relating to the effect of mianserin on noradrenaline tumover, a2-receptor blockade and its 
antagonistic effect at 5-HT2a/2C receptors, (Maes, M. et al. J.Clin. Psychopharmacol 
1999, 79, 2, p 177-182). 

20 However, it has also been reported that in the mouse forced swimming test, prior 
administration of the selective 5-HT2a/2C antagonists, ritanserin (4 mg/kg i.p.) or 
ketanserin (8 mg/kg i.p.) potentiated the effects of imipramine (mg/kg i.p.) and 
desipramine (16 mg/kg i.p.), but not of fluoxetine 16 mg/kg i.p.), citalopram (16 mg/kg 
i.p.) or fluvoxamine (8 mg/kg i.p.) (Redrobe, J.P. et al. Eur J Pharmacol 1997, 525, 129- 

25 135). 

It has now been found that the combination of a serotonin uptake inhibitor with a 
compound having 5-HT2c antagonistic or inverse agonistic effect (compounds having a 
negative efficacy at the 5-HT2c receptor) provides a considerable increase in the level of 
30 5-HT in terminal areas, as measured in microdialysis experiments. 
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In particular, it has been found that ketanserin, ritanserin, RS 102221, ((+)-trans-l-(5- 
chloro-3-(4-fluorophenyl)-l-indanyl)-4-(2-(3-isopropyl-2-imidazolidinon-l-yl)ethyl)- 
piperazine and 2,5-dimethyl-3-(4-fluorophenyl)- 1 - [ 1 -[2-(imidazoUdin-2-on- 1 -yl)ethyl]- 
piperidin-4-yl]-lH-indole in combination with SSRIs, synergistically act to increase the 
5 level of extracellular serotonin. As applied to humans, this would imply a shorter onset of 
antidepressant effect in the clinic and an augmentation, or potentiation of the therapeutic 
effect of the serotonin reuptake inhibitor (SRI). 

The mvention 

10 

The present invention thus provides: 

The use of a 5-HT2creceptor antagonist, inverse agonist or partial agonist for the 
preparation of a pharmaceutical composition to be used in combination with a serotonin 
15 reuptake inhibitor inhibitor. 

In particular, the present invention relates to the use of a S-HTic receptor antagonist, 
inverse agonist or partial agonist for the preparation of a pharmaceutical composition 
useful for augmenting and/or providing faster onset of the therapeutic effect of a 
20 serotonin reuptake inhibitor. 

In a preferred embodiment, the invention relates to the use as above wherein the serotonin 
reuptake inhibitor is used for the treatment of depression, anxiety disorders and other 
affective disorders, including generalized anxiety disorder, panic anxiety, obsessive 
25 compulsive disorder, acute stress disorder, post traumatic stress disorder or social anxiety 
disorder, eating disorders such as bulimia, anorexia and obesity, phobias, dysthymia, 
premenstrual syndrome, cognitive disorders, impulse control disorders, attention deficit 
hyperactivity disorder, drug abuse and any other disorder responsive to a SRI. 



30 In another embodiment, the invention relates to the use of 
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a) a compound which is a serotonin reuptake inhibitor and a 5-HT2c receptor antagonist, 
inverse agonist or partial agonist, or 

b) a combination of a compound, which is a serotonin reuptake inhibitor, and a 
compound, which is a 5-HT2c receptor antagonist, inverse agonist or partial agonist, 

for the preparation of a pharmaceutical composition or kit useful for the treatment of 
depression, anxiety disorders and other affective disorders, such as generalized anxiety 
disorder, panic anxiety, obsessive compulsive disorder, acute stress disorder, post 
traumatic stress disorder and social anxiety disorder, eating disorders such as bulimia, 
anorexia and obesity, phobias, dysthymia, premenstrual syndrome, cognitive disorders, 
impulse control disorders, attention deficit hyperactivity disorder, drug abuse or any other 
disorder responsive to serotonin reuptake inhibitors. 

In a further embodiment, the invention relates to a pharmaceutical composition or kit 
comprising: 

a) a compound, which is a serotonin reuptake inhibitor, and a S-HTac receptor 
antagonist, inverse agonist or partial agonist, or 

b) a combination of a compound, which is a serotonin reuptake inhibitor, and another 
compoxmd, which is a 5-HT2c receptor antagonist, inverse agonist or partial agonist, 

and optionally pharmaceutically acceptable carriers or diluents. 

In a yet another embodiment, the invention relates to a method for the treatment of 
depression, anxiety disorders and other affective disorders, such as generalized anxiety 
disorder, panic anxiety, obsessive compulsive disorder, acute stress disorder, post 
traumatic stress disorder and social anxiety disorder, eating disorders such as bulimia, 
anorexia and obesity, phobias, dysthymia, premenstrual sjmdrome, cognitive disorders, 
impulse control disorders, attention deficit hyperactivity disorder, drug abuse or any other 
disorder responsive to serotonin reuptake inhibitors comprising administering to a person 
in need thereof a therapeutically effective amount of 
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a) a compound, which is a serotonin reuptake inhibitor, and a 5-HT2C receptor 
antagonist, inverse agonist or partial agonist, or 

b) a combination of a compound, which is a serotonin reuptake inhibitor and a 
compound, which is a S-HTic receptor antagonist, inverse agonist or partial agonist. 

5 

In a particular embodiment, a selective serotonin reuptake inhibitor is used according to 
the invention. 

In another particular embodiment, a compound which is selective for the 5-HT2c receptor 
10 is used according to the invention. 

In a further embodiment, a compound which is an antagonist, an inverse agonist at the 5- 
HT2C receptor is used according to the invention. 

15 The pharmaceutical composition or kit according to the invention may be adapted for 

simultmeous administration of the active ingredients, or it may be adapted for sequential 
administration of the active ingredients. 

When the pharmaceutical composition is adapted for simultaneous administration, the 
20 active ingredients may be contained in the same imit dosage form. 

When the pharmaceutical composition or kit is adapted for sequential administration, the 
active ingredients are contained in discrete dosage forms, optionally contained in the 
same container or package. 

25 

In particular, the present invention relates to the use of, and to pharmaceutical 
compositions or kits comprising the following combinations: 

Ketanserin and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
30 paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 
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SB 242084 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

5 SB 206553 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

SB 243213 and an SRI selected form citalopram, escitalopram, fluoxetine, sertraline, 
10 paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

SB 228356 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
15 and clomipramine, 

Ritanserin and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

20 

Deramciclane and an SRI selected form citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

25 Mirtazepine and an SRI selected from citalopram, escitalopram, fluvoxamine, dapoxetine, 
nefazodone, imipramin, femoxetine and clomipramine, 

Mianserine and an SRI selected from citalopram, escitalopram, sertraline, paroxetine, 
fluvoxamine, venlafaxine, dapoxetine, nefazodone, femoxetine and clomipramine, 

30 
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Sertindole and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

5 YM 35 992 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

Ro 60-0795 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
10 paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine. 

Org 38457 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
15 and clomipramine, 

Org 12962 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine, 

20 

EGIS 8465 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine and 

25 RS 102221 and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine. 

(+)-trans-l-(5-chloro-3-(4-fluorophenyl)-l-indanyl)-4-(2-(3-isopropyl-2-imidazolidinon- 
30 l-yl)ethyl)-piperazine and an SRI selected from citalopram, escitalopram, fluoxetine, 
sertraline, paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, 
femoxetine and clomipramine. 
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2,5-dimethyl-3<4-fluorophenyl)- 1 -[ 1 -[2Kimidazolidin-2-on- 1 -yl)ethy^ 
IH-indole and an SRI selected from citalopram, escitalopram, fluoxetine, sertraline, 
paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, femoxetine 
and clomipramine. 

In a final embodiment, the present invention relates to a method for the identification of 
compounds usefiil for the treatment of depression, anxiety disorders and other affective 
disorders, such as generalized anxiety disorder, panic anxiety, obsessive compulsive 
disorder, acute stress disorder, post traumatic stress disorder and social anxiety disorder, 
eating disorders such as bulimia, anorexia and obesity, phobias, dysthymia, premenstrual 
syndrome, cognitive disorders, impulse control disorders, attention deficit hyperactivity 
disorder, dmg abuse or any other disorder responsive to serotonin reuptake inhibitors, 
comprising, in any order: 

(a) measuring the ability of test compoimds to inhibit serotonin reuptake and 
selecting the compounds that have an IC50 value below 20 nM; 

(b) measuring the affinity of test compounds to the S-HTic receptor and selecting the 
compoimds that have Ki values below 30 nM; 

and thereafter measuring the efficacy of the selected compounds at the 5 -HTac receptor 
and selecting the compounds which are antagonists, inverse agonists at the receptor. 

The invention also covers compounds identified according to this method. 

According to the invention, it has been foimd that co-administration of S-HTac receptor 
antagonist or inverse agonist and a serotonin reuptake inhibitor produces a significant 
increase in the level of serotonin in terminal areas, as measured in microdialysis 
experiments, compared to the administration of the serotonin reuptake inhibitor alone. 
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Administration of RS 102221, (+)-trans-l-(5-chloro-3-(4-fluorophenyl)-l-indanyl)-4-(2- 
(3-isopropyl-2-iniidazolidinon-.l-yl)ethyl)-piperazine, 2,5-dimethyl-3-(4-fluorophenyl)-l- 
[l-[2-(imidazolidin-2-on-l-yl)ethyl]-piperidin-4-yl]-lH-indole and ketanserin alone 
causes no increase in serotonin levels as measured in microdialysis experiments. 

According to the invention, animal studies have shown that 5-HT2c receptor antagonist or 
inverse agonist may provide fast onset of therapeutic effect of serotonin reuptake inhibitors 
and potentiate the anxiolytic potential of serotonin reuptake inhibitors. 



10 The use of a combination of 5-HT2c receptor antagonist, inverse agonist or partial agonist 
and a serotonin reuptake inhibitor may greatly reduce the amount of serotonin reuptake 
inhibitor necessary to treat depression and other affective disorders and may thus reduce 
the side effects caused by the serotonin reuptake inhibitor. In particular, the combination 
of a reduced amount of SRI and a 5-HT2c receptor antagonist, inverse agonist or partial 

15 agonist may reduce the risk of SSRI-induced sexual dysfunction and sleep disturbances. 

Co-administration S-HTac receptor antagonist, inverse agonist or partial agonist and a 
serotonin reuptake inhibitor may also be useful for the treatment of refractory depression, 
i.e. depression, which cannot be treated appropriately by administration of a serotonin 
20 reuptake inhibitor alone. Typically, 5-HT2c receptor antagonist, inverse agonist or partial 
agonist may be used as add-on therapy for the augmentation of the response to SRIs in 
patients where at least 40-60% reduction in symptoms has not been achieved during the first 
6 weeks of treatment with an SRI. 



25 Compounds which are both serotonin reuptake inhibitors and 5-HT2c receptor antagonists, 
inverse agonists or partial agonists may have the same pharmacological advantages as the 
combination of a serotonin reuptake inhibitor and a 5-HT2c receptor antagonists, inverse 
agonists or partial agonists, with respect to reduction of side effects, fast onset and in the 
treatment of treatment resistant patients. 

30 

Many antidepressants with serotonin reuptake inhibiting effect have been described in the 
literature. Any pharmacologically active compound, which primarily or partly exert its 
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therapeutic effect via inhibition of serotonin reuptake in the CNS, may benefit from 
augmentation with a 5-HT2c receptor antagonist, inverse agonist or partial agonist. 

The following list contains a number of serotonin reuptake inhibitors, which may benefit 
5 from augmentation with a S-HTac receptor antagonist, inverse agonist or partial agonist: 
citalopram, escitalopram, fluoxetine, R-fluoxetine, sertraline, paroxetine, fluvoxamine, 
venlafaxine, duloxetine, dapoxetine, nefazodone, imipramine, imipramine N-oxide, 
desipramine, pirandamine, dazepinil, nefopam, befiiraline, fezolamine, femoxetine, 
clomipramine, cianoimipramine, Utoxetine, cericlamine, seproxetine, WY 27587, WY 
10 27866, imeldine, ifoxetine, tiflucarbine, viqualine, milnacipran, bazinaprine, YM 922, S 
33005, F 98214-TA, OPC 14523, alaproclate, cyanodothepine, trimipramine, 
quinupramine, dothiepin, amoxapine, nitroxazepine, McN 5652, McN 5707, VN 2222, L 
792339, roxindole, YM 35992, Ol 77, Org 6582, Org 6997, Org 6906, amitriptyhne, 
amitriptyhne N-oxide, nortriptyline, CL 255.663, pirhndole, indatraline, LY 1 13.821, LY 
15 214.281, CGP 6085 A, RU 25.591, napamezole, diclofensine, trazodone, EMD 68.843, 
BMY 42.569, NS 2389, sercloremine, nitroquipazine, ademethionine, sibutramine, 
clovoxamine. The compounds mentioned above may be used in the form of the base or a 
pharmaceutically acceptable acid addition salt thereof. 

20 Other therapeutic compoimds, which may benefit from augmentation with 5-HT2c 

receptor antagonists, inverse agonist or partial agonists, include compoxmds, which cause 
an elevation in the extracellular level of 5-HT in the synaptic cleft, although they are not 
serotonin reuptake inhibitors. One such compound is tianeptine. 

25 Accordingly, other compounds than SRIs which cause an elevation in the extracellular 
level of serotonin, may be used instead of SRIs in every aspect of the invention as 
described herein. 

The above list of serotonin reuptake inhibitors and other compounds, which cause an 
30 increase in the extracellular level of serotonin, may not be construed as limiting. 

SRIs, which are particularly preferred according to the present invention, include 
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citalopram, escitalopram, fluoxetine, sertraline, paroxetine, fluvoxamine, venlafaxine, 
dapoxetine, nefazodone, imipramin, femoxetine and clomipramine. 

The term selective serotonin reuptake inhibitor (SSRI) means an inhibitor of the 
5 monoamine transporters which has stronger inhibitory effect at the serotonin transporter 
than the dopamine and the noradrenaline transporters. Particularly preferred SSRIs 
according to the invention are citalopram, escitalopram, fluoxetine, fluvoxamine, 
sertraline and paroxetine. 

10 The following list contains a number of 5-HT2c antagonists, partial agonists or inverse 
agonists, which may be used according to the invention: ketanserine, ritanserine, 
RS 102221, SB 242084, SB 206553, SB 200646A, SB 221284, SB 204741, SB 228357, 
SB 243213, SB 200646, azamianserine, (+)-trans-l-(5-chloro-3-(4-fluorophenyl)-l- 
indanyl)-4-(2-(3-isopropyl-2-imidazoUdinon-l-yl)ethyl)-piperazine and 2,5-dimethyl-3- 

1 5 (4-fluorophenyl)- 1 - [ 1 -[2-(imidazolidin-2-on- 1 -yl)ethyl]-piperidin-4-yl]- 1 H-indole, 

fluoxetine, deramciclane, mirtazepine, mianserine, nefazodone, trazodone, YM 35992, 
Ro 60-0759, Org 38457, Org 12962, EGIS 8465, EGIS-9933, antipsychotics having 
effect effect at 5-HT2c receptors, e.g. sertindole, olanzapine and risperidon, LY 53857 
metergoline, pireperone, spiroperone, clozapine, dapoxetine, methysergide, serazapine, 

20 Ro 60049 1 , S 1 6924, cyamemazine, SDZ NVI-085 . 

In a preferred embodiment, a 5-HT2c receptor ligand selected from ketanserin, SB 
242084, SB 206553, SB 243213, SB 228356, ritanserin, deramciclane , mirtazepine, 
mianserine, sertindole, YM 35 992, Ro 60-0795, Org 38457, Org 12962, EGIS 8465 and 
25 RS 102221 is used according to the invention. 



30 
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The Ki values at the 5-HT2c receptor for some of the compounds mentioned in the list 
above is given in the table below: 



Compound 


Ki (nM) 


ketanserine 


14 


irindalone 


19 


Lu 29066 


6.9 


Lu 27121M 


5.1 


fluoxetine 


80 


nefazodone 


33 


RS 102221 


0.56 


ritanserin 


0.19 


mianserin 


1.1 



The Ki values given in the table above were determined using the 5-HT2c binding assay 
5 described in the experimental section. It should be noted that other tests, modified tests 
or tests carried out by other groups may result in figures that differ somewhat from the 
figures given in the table above. 

As used herein, the term selective for the 5-HT2c receptor means that the compound 
10 possess higher affinity for the 5-HT2c receptor than to other serotonin receptors. 

Further 5-HT2c receptor antagonists or inverse agonists are described e.g. in WO 
97/39001, WO 97/37989, WO 97/08167, W096/39382, WO 96/23769, WO 96/11930, 
WO 95/01976, WO 94/14801, WO 94/04533, Bromidge et al., J. Med. Chem., 2000, 43, 
15 1 123-1 13 and B0ges0 et al. Schizophrenia 1995, Alfred Benzon Symposium 38, pp 361- 
374. 

The above Hst of 5 -HT2C receptor antagonists, inverse agonists and partial agonists may 
not be construed as limiting, 

20 

In a particular embodiment of the invention the compound or compounds used according 
to the invention has a Ki value at the 5-HT2c receptor, which is below 30 nM and an IC50 
value at the serotonin transporter, which is below 20 nM. 
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When a combined serotonin reuptake inhibitor and S-HTic antagonist, inverse agonist or 
partial agonist is used according to the invention , the compound is preferably lacking 
affinity for the dopamine receptor, i.e it has an IC50 value over 100 nM at this receptor. 

5 The active ingredients according to the invention, may be used in the free base form or in 
the form of a pharmaceutically acceptable acid addition salt thereof, the latter being 
obtainable by reaction of the base form with an appropriate acid. Exemplary of organic 
acid addition salts according to the invention are those with maleic, fumaric, benzoic, 
ascorbic, succinic, oxalic, bis-methylenesalicylic, methanesulfonic, ethanedisulfonic, 

10 acetic, propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic, 
citraconic, aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, 
benzenesulfonic, and theophylline acetic acids, as well as the 8-halotheophyllines, for 
example 8-bromotheophylline. Exemplary of inorganic acid addition salts according to 
the invention are those with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, 

15 and nitric acids. 

The term addition salt as used herein above also comprises the solvates, which the active 
ingredients are able to form. Said solvates are meant to be included within the scope of 
the present invention. Examples of such solvates are e.g. the hydrates, alcoholates and the 
20 like. 

Citalopram is preferably used in the form of the hydrobromide or as the base, 
escitalopram in the form of the oxalate, fluoxetine, sertraline and paroxetine in the form 
of the hydrochloride and fluvoxamine in the form of the maleate. 

25 

The amount of 5-HT2c antagonist, inverse agonist or partial agonist in combination 
therapy may range from about 0.1 to about 150 mg/day, particularly from about 0.1 to 
about 100 mg/day and more particularly from about 0.5 to about 50 mg/day and even 
more particularly from about 1 to about 5 mg/day. 



Serotonin reuptake inhibitors, including the SSRIs specifically mentioned herein above, 
differ both in molecular weight and in activity. As a consequence, the amount of 
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serotonin reuptake inhibitor used in combination therapy depends on the nature of said 
serotonin reuptake inhibitor. The normal dose range of commercially available SRIs is 
well known. In one embodiment of the invention, the serotonin reuptake inhibitor or the 
compound causing an increase in the level of extracellular 5-HT, is administered at lower 
5 doses than required when the compound is used alone. In another embodiment, the 
serotonin reuptake inhibitor or the compound causing an increase in the level of 
extracellular 5-HT, is administered in normal doses. 

To prepare the pharmaceutical compositions of this invention, an effective amount of the 
10 active ingredients, in acid or base addition salt form or base form, is combined in intimate 
admixture with a pharmaceutically acceptable carrier, which can take a wide variety of 
forms depending on the form of preparation desired for administration. These 
pharmaceutical compositions are desirably in unitary dosage form suitable, for 
administration orally, nasal, rectally, percutaneously or by parenteral injection. For 
15 example, in preparing the compositions in oral dosage form, any of the usual 
pharmaceutical media may be employed, such as, for example, water, glycols, oils, 
alcohols and the like in the case of oral liquid preparations such as suspensions, syrups, 
elixirs and solutions; or soUd carriers such as starches, sugars, kaolin, lubricants, binders, 
disintegrating agents and the like in the case of powders, pills, capsules and tablets. 
20 Because of their ease in administration, tablets and capsules represent the most 
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are 
obviously employed. For parenteral compositions, the carrier will usually comprise sterile 
water, at least in large part, though other ingredients, for example, to aid solubility, may 
be included. 

25 

It is especially advantageous to formulate the aforementioned pharmaceutical 
compositions in dosage unit form for ease of administration and uniformity of dosage. 
Dosage unit form as used in the specification and claims herein refer to physically 
discrete units suitable as imitary dosages, each unit containing a predetermined quantity 
30 of active ingredient calculated to produce the desired therapeutic effect, in association 
with the required pharmaceutical carrier. Examples of such dosage unit forms are tablets 
(including scored or coated tablets), capsules, pills, powder packets, wafers, injectable 
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solutions or suspensions, teaspoonfiils, tablespoonfuls and the like, and segregated 
multiples thereof. 

The 5-HT2C antagonist, partial agonist or inverse agonist may be administered before, 
5 during or after the administration of the serotonin reuptake inhibitor provided that the 
time between the administration of the S-HTac antagonist, inverse agonist or partial 
agonist and the administration of the serotonin reuptake inhibitor is such that ingredients 
are allowed to act synergistically on the CNS. 

10 When simultaneous administration of 5-HT2c antagonist, partial agonist or inverse 

agonist and a serotonin reuptake inhibitor is envisaged, a composition containing both a 
serotonin reuptake inhibitor and 5-HT2c antagonist, partial agonist or inverse agonist may 
be particularly convenient. The compositions may be prepared as described herein 
above. 

15 

Simultaneous administration may also be accomplished by administration of the active 
ingredients in two separate unit dosage forms. 

When sequential administration of 5-HT2c receptor antagonists, inverse agonists or 
20 partial agonists is envisaged, the pharmaceutical composition may comprise, for example, 
a kit including discrete unit dosage forms containing 5-HT2c antagonist, partial agonist or 
inverse agonist and discrete imit dosage forms containing a serotonin reuptake inhibitor, 
all contained in the same container or pack, e.g. a blister pack. 

25 Experimental section 

5-HT2C binding 

Ki values at the 5-HT2c were determined by testing the compounds according to the 
procedure described below: SR-3T3 cells (ATCC CRL 9651) are grown to confluency 
30 and then scraped off in TBS (50 mM Tris, pH 7.7, 125 mM NaCl). The cell suspension is 
centrifuged and the pellet resuspended in 50 mM Tris, HCl, pH 7.7 and stored at -80°C. 
For experimental use, the ft-ozen cell pellet is thawed and homogenised with an Ultra 
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Turrax for 10-15 seconds. 1 .5 mg cell preparation is incubated with 0.5 nM 3H- 
Mesulergine for 60 minutes at 37 °C. Incubation is terminated by rapid filtration through 
Filtermat B filters and bound radioactivity is determined in a Tricarb scintillation counter. 

5 5-HTT inhibition 

IC50 values for serotonin reuptake inhibition are measured as described in the test below^: 
Male rats (125-225 g) are decapitated and encephalon is dissected out and transferred to 
0.9 % NaCl at 0 °C. The brain is weighed and homogenized at 0°C in a glass/teflon 
homogenizer in 40 volumes of 0.32 sucrose containing 1 nM Nialamid. The homogenate 

10 is centrifuged at 600 g for 10 minutes at 4 °C. The supematant/S 1 is centrifiiged at 20000 
g for 55 min at 4 °C. Supematant/S2 is discarded and the pellet is resuspended in 360 
volumes of modified Krebs Ringer phosphate buffer, pH 7.4 (oxygenated for 10 minutes). 
The suspension is kept on ice. The tissue is incubated with ^H-5-HT for 15 minutes at 37 
°C in Krebs Ringer buffer. The samples are filtered through 0.1 % PEI soaked Filtermat 

15 C filters to wash away ^H-5-HT in solution. Filters are washed with 10 ^iM 5-HT before 
and after sample filtration. Radioactivity captured in synaptosomes is counted in a 
Tricarb scintillation counter. 

PI Assay testing of the human 5-HT2C receptor 

20 Method : Cells are seeded in 96 well plate to give a density of 7x 1 0'^ cells per well (200 
of medium) on day of experiment. Cells were loaded with 4 |LiCi myo- [2 --^H] Inositol 
with PT6-271 stabilizer (amersham pharmacia biotech) per well 24 hours before the 
experiment was run. 

25 Column Preparation: Amiprep minicolumns with SAX Quartenary amine RPN. 1908 is 
activated with 1 mL 1 .0 M KHCO3. Excess KHCO3 is removed by washing by washing 
1 mL of water through the column twice. 0.9 mL of water is added to each column ready 
for the addition of 200 iiL of sample. 
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Cell Plate Procedure: Cells are washed three times with 200 ^il KRH-buffer ( KCl (5 
mM), NaCl (124 mM), Glucose (8 mM) BSA (0,5 g/liter), MgS04 , 7 H20 (l,25mM), 
HEPES(25mM), KH2P04(l,25inM), CaC12 (l,45mM)). Cells are incubated in 200 |al 
KRH-LiCl-buffer (KRH-buffer 10 mM LiCl) for 30 minutes at 37°C. 

5 

1 . For testing of agonists, replace buffer with agonists (200|li1 diluted in KRH -LiCl 
Buffer) and incubate at 37''C for 10 minutes. Preceed to step # 6. 

2. For testing of inverse agonists, replace buffer with inverse agonists (200|Lil diluted in 
KRH -LiCl Buffer) and incubate at ?>TC for 30 minutes. Preceed to step # 6. 

10 3. For testing of antagonists, replace buffer with antagonists (200^1 diluted in KRH - 
LiCl Buffer) and incubate at 3TC for 10 minutes. Then add agonist to each well 
except those used to define basal activity and incubate at 37''C for 10 minutes. 

4. Aspirate off the solution from each well and add 200 |aL of cold PCA (4 % HCIO4). 

5. Incubate at 4''C for 15-30 mins to allow inositolphosphate release from cells. 

15 6. Add 46 |LiL of KOH-HEPES buffer (1.5 mM KOH - 60 mM HEPES buffer, pH 7.5 ) 
and incubate at 4°C for another 10 minutes. 

7. Add 200 jxL of the neutralised inositolphosphate solution from each well to the 
prepared columns and wash through. 

8. Wash the columns with 1 mL of water. 

20 9. Add 1 mL 0.05 M KHCO3 and collect in scintillation tubes. 

- Add 4 mL of scintillation counting fluid (Ultima Gold™ scintillation counting fluid 
from Packard) 

10. and count for 5 minutes on a Packard Tri-carb 2100TR Liquid Scintillation Analyzer 
(Program 4). Totals - Defined by lOnM 5-HT. Basal Activity - Defined by buffer. 

25 

The above three methods may be used in the method according to the invention for the 
identification of compoimds for the treatment of diseases or disorders responsive to 
serotonin reuptake inhibitors. However, other methods and variants of these methods 
may also be used. 



30 
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Male albino rats of a Wistar-derived strain (285-320 g; Harlan, Zeist, The Netherlands) 
were used for the experiments. The rats were housed in plastic cages (35 x 35 x 40 cm), 
and had free access to food and water. The experiments are concordant with the 
declarations of Helsinki and were approved by the Animal Care Committee of the Faculty 
of Mathematics and Natural Science of the University of Groningen. 

The following drugs were used: Citalopram hydrobromide and internal standard (kindly 
donated by Lundbeck (Copenhagen, Denmark), courtesy Dr. Sanchez), ritanserin and 
ketanserin tartrate (RBI, Natick, USA). Citalopram and ketanserin were dissolved in 
saline, ritanserin was dissolved in 30% solutol/saline. Ketanserin and citalopram were 
injected subcutaneously (in different areas during co-administration), ritanserin was 
injected intraperitoneally. All drugs were administered in a volume of 1 mL per kg. 

Microdialysis experiments were performed using home made I-shaped probes, made of 
polyacrylonitrile / sodium methyl sulphonate copolymer dialysis fiber (i.d. 220 jam, o.d. 
0.31 |am, AN 69, Hospal, Italy). The exposed length of the membranes was 4 mm. 
Preceding surgery, rats were anaesthetised either by means of an intraperitoneal injection 
of 400 mg/kg chloral hydrate (ritanserin experiments) or by an intraperitoneal injection of 
ketamine/xylazin, with midazolam as premedication (ketanserin experiments). Lidocaine- 
HCl, 10% (m/v) was used for local anaesthesia. Rats were placed in a stereotaxic frame 
(Kopf, USA), and probes were inserted into the ventral hippocampus (coordinates: lA: 
+3.7 mm, lateral : +4.8 mm, ventral: -8.0 mm from the dura mater, Paxinos and Watson, 
1982) and secured with dental cement. 

In the pharmacokinetic experiments, blood was drawn through a canula made of silicon 
tubing, which was inserted into the right jugular vein for 3.8 cm. The tubing was 
transferred subcutaneously to the scull of the rat, and a stainless steel inlet was connected 
to the tubing. The inlet was mounted on the skull with dental cement and surgical screws. 
After insertion, canulas were filled with a PVP solution (55% polyvinylpyrroUdon in 500 
lE/mL heparin) in saline to prevent blood clotting. 
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Pharmacokinetic experiments : Rats were allowed to recover for at least 24 h. Blood 
samples (0.30 mL) were drawn at 0, 15, 30, 60, 120, 240 and 360 min after injection of 
either citalopram or ketanserin. Samples were transferred to L5 mL eppendorf vials, 
5 containing 5 [iL heparin (500 lE/mL saline), mixed and immediately transferred to a 
chilled centrifuge (MSE, England), and centrifuged for 15 min at 3,000 rpm. 

Microdialysis experiments: Rats were allowed to recover for at least 24 h. Probes were 
perfused with artificial CSF containing 147 mM NaCl, 3.0 mM KCl, 1.2 mM CaCb, and 
10 1 .2 mM MgCb, at a flow-rate of 1 .5 jaL / min (Harvard apparatus, South Natick, Ma., 
USA). Samples were collected on-line in a 20 |liL loop and injected automatically onto 
the column every 15 min. 

Serotonin analysis: 5-HT was analysed using HPLC with electrochemical detection. The 
15 HPLC pump (Shimadzu LC-10 AD liquid chromatograph) was connected to a reversed 
phase column (phenomenex hypersil 3 : 3 iim, 100 x 2.0 mm, C18, Bester, Amstelveen, 
the Netherlands) followed by an electrochemical detector (Antec Leyden, Leiden, the 
Netherlands), working at a potential setting of 500 mV vs. Ag/AgCl reference. The 
mobile phase consisted of 5 g/L di-ammoniumsulfate, 500 mg/L ethylene diamino tetra 
20 acetic acid (EDTA), 50 mg/L heptane sulphonic acid and 30 (al/L of triethylamine, at a 
pH of 4.65 and 4.5% (w/w) methanol and water. Flow-rate of the mobile phase was 0.4 
ml/min. The detection limit was 0.5 finol 5-HT per 20 |liL sample (signal to noise ratio 3). 

Citalopram analysis: Citalopram was measured according to 0yehaug et al. (1982), with 
25 minor modifications. Briefly, to 150 \xL plasma samples 75 \xL of the internal standard 
LU 10-202 (2 \iM) and 30 |aL of O.IN NaOH were added. Samples were extracted twice 
by mechanically shaking for 3 minutes with 3 mL of diethyl ether. The ether layers were 
then transferred to 10 mL evaporating tubes, and 150 jxL of 0.1 N HCl was added. The 
ether was evaporated in a water-bath at 40 '^'C under a stream of nitrogen. The HCl layer 
30 was washed once with 0.5 mL ether. 50 |aL samples were injected onto the column. 



wo 01/41701 PCT/DKOO/00671 

21 

With the experiments in which 5 mL plasma was obtained via the vacutainer, a similar 
protocol was used, but the plasma sample was now extracted three times with 10 mL of 
ether. An HPLC/auto-injector (1084B Liquid Chromatography Hewlett-Packard) was 
used, in combination with a fluorescence detector (470 Scaiming Fluorescence detector, 

5 Waters, England) operating at an absorption wavelength of 240 nm, an emission 
wavelength of 296 nm, and a slit-width of 12 nm. Separation was performed using a 
Supelcosil HPLC column (5 jim, CI 8, 250 x 46 mm, Supelco, the Netherlands), at 
ambient temperature. The mobile phase consisted of 46% v/v acetonitrile, 54% v/v 
potassiimi dihydrogen phosphate buffer (4.3 g/L), and 30 ^l/L triethylamine, at a pH 

10 value of 3.0. Flow-rate in this system was 0.75 mL/min. The detection limit of the assay 
was 8 nM (signal to noise = 2). Extraction of samples spiked with known concentrations 
of citalopram revealed that the extraction method had a recovery of 99%. 

Ketanserin analysis: Ketanserin was measured using liquid-liquid extraction, followed by 

15 reversed phase chromatography in conjimction with fluorescence detection. Briefly, to 
150 |LiL plasma samples 30 |aL of O.IN NaOH were added. Samples were extracted twice 
by mechanically shaking for 3 minutes with 3 mL of diethyl ether. The ether layers were 
then transferred to 10 mL evaporating tubes, and 150 \xL of 0.1 N HCl was added. The 
ether was evaporated in a water-bath at 40 "^C under a stream of nitrogen. The HCl layer 

20 was washed once with 0.5 mL ether. 50 |aL samples were injected onto the column. 

An HPLC/auto-injector (1084B Liquid Chromato graph, Hewlett-Packard) was used, in 
combination with a fluorescence detector (470 Scanning Fluorescence detector, Waters, 
England) operating at an absorption wavelength of 240 nm, an emission wave length of 
370 nm, and a slit-width of 12 nm. Separation was performed using a Supelcosil HPLC 

25 column (5 jLun, CI 8, 250 x 46 mm, Supelco, the Netherlands), at ambient temperature. 
The mobile phase consisted of 35% v/v acetonitrile, 65% v/v potassium dihydrogen 
phosphate buffer (4.3 g/L), and 30 jaL/L triethylamine, at a pH value of 3.0. Flow-rate in 
this system was 1 .0 mL/min. The detection limit of the assay was 6 nM (signal to noise = 
2). Extraction of samples spiked with known concentrations of citalopram revealed that 

30 the extraction method had a recovery of 93%. 
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Data presentation and statistics: Four consecutive microdialysis samples with less then 
20% variation were taken as control and set at 100%. Data are presented as percentages 
of control level (mean + SEM). Statistical analysis was performed using Sigmastat for 
windows (Jandel Corporation). Treatment effects were compared using two way ANOVA 
5 for repeated measurements, followed by Dunnett's test. Level of significance level was 
set at /7<0.05. Pharmacokinetic data were fitted using Multifit (copyright Dr. J.H. Proost, 
Dept. of pharmacokinetics and drug delivery. University of Groningen, the Netherlands). 

Results: 

10 

Ritanserin co-administration: 

Intraperitoneal administration of 10 \\mo\fkg ritanserin did not have any effect on 5-HT 
levels in rat ventral hippocampus. Subcutaneous administration of 10 ^imol/kg citalopram 
significantly increased 5-HT levels compared to saline injection (F (1,131)=18.8, 
15 p<0.05). Post hoc analysis revealed significance firom t=45 to 150 minutes. 10 jimol/kg 
ritanserin given 60 minutes prior to a subcutaneous injection of 10 |amol/kg citalopram 
augmented the effect of citalopram significantly (F (1,105) == 8.90,p<a05). Post hoc 
analysis revealed significance fi*om t=60 to t=150 minutes. 

20 Ketanserin co-administration: 

Ventral Hippocampus: Subcutaneous administration of 100 nmol/kg ketanserin had no 
effect on ventral hippocampal 5-HT levels. Subcutaneous administration of 10 |imol/kg 
citalopram significantly increased 5-HT levels compared to saline injection (F 
(l,143)=13.5,/7<0.(?5). Post hoc analysis revealed significance firom t=30 to 150 minutes. 

25 Simultaneous administration of 10 fimol/kg citalopram with different doses of ketanserin 
showed a dose dependent augmentation by ketanserin of the SSRI induced increase in 5- 
HT levels. Co-administration of 1 nmol/kg ketanserin did not augment the effect of 
citalopram (F(l,l 18)=0.574), whereas co-administration of 10 and 100 nmol/kg 
ketanserin significantly enhanced the effect of citalopram (F(l,117)=6.95, /7<0.05, 

30 F(l,120)=5.66,/><0.05 respectively). Post hoc analysis revealed significance fi-om t=45 
to 150 min for 10 nmol/kg ketanserin co-administration, and firom t=45 to 150 min 
(except 90 and 105) for 100 nmol/kg ketanserin co-administration. 
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Prefrontal Cortex: Administration of ketanserin did not show any effect on prefrontal 
cortex 5-HT levels. Subcutaneous administration of 10 [iimol/kg citalopram significantly 
increased 5-HT levels compared to saline injection (F (l,159)=9.77,/7<0.05). Post hoc 

5 analysis revealed significance from t=45 to 150 minutes. Co-administration of Inmol/kg 
of ketanserin did not augment the citalopram induced increase in cortical 5-HT levels 
(F(l, 1 17)=0.2781, /?>a05). Co-administration of 10 nmol/kg ketanserin transiently 
enhanced the effect of citalopram. However, this effect did not reach significance 
(F(l,127)=1.047, j9>0.05). Simultaneous administration of citalopram with 100 nmol/kg 

10 ketanserin showed a significant enhancement of the effect of citalopram (Fl,127)=2.90, 
p<0,05). Post-hoc analysis, however did not show any significant differences among the 
different time points. 

Pharmacokinetic experiments: 

15 

Citalopram administration 

Upon subcutaneous administration of 10 jimol/kg citalopram initial plasma levels of 
around 0.7 |liM developed, after which levels declined with an apparent half life of around 
2 hours. 

20 

Ketanserin administration 

Upon subcutaneous administration of 100 nmol/kg ketanserin initial plasma levels of 
aroxmd 0.2 \iM developed after 30 minutes. Levels declined with an apparent half Ufe of 
aroimd 1.5 hours. 

25 

The following combinations of compounds were also tested as described above: 
Citalopram and RS 102221, citalopram and (+)-trans-l-(5-chloro-3-(4-fluorophenyl)-l- 
indanyl)-4-(2-(3-isopropyl-2-imida2olidinon-l-yl)ethyl)-piperazine, citalopram and 2,5- 
dimethyl-3-(4-fluorophenyl)-l-[l-[2-(imidazolidin-2-on-l-yl)ethyl]-piperidin-4-yl]-lH- 

30 indole and fluoxetin and ketanserin. 



wo 01/41701 



PCT/DKOO/00671 



24 

Results: 

Subcutaneous administration of 1 jamol/kg RS 102221 had no effect on rat ventral 
hippocampal 5-HT levels. Subcutaneous administration of 10 jamol/kg citalopram 
5 significantly increased 5-HT levels compared to control. Simultaneous administration of 
10 |amol/kg citalopram with 1 pmol/kg RS 102221 showed a significant enhancement of 
the effect of citalopram F(l,l 19)= 3,34. 

Subcutaneous administration of 1 jimol/kg (+)-trans- 1 -(5-chloro-3-(4-fluorophenyl)- 1 - 
10 indanyl)-4-(2-(3-isopropyl-2-imidazolidinon- 1 -yl) ethyl) -pip erazine had no effect on rat 
ventral hippocampal 5-HT levels. Subcutaneous administration of 10 |amol/kg 
citalopram significantly increased 5-HT levels compared to control. Simultaneous 
administration of 10 ^imol/kg citalopram with l|imol/kg Lu 27121 showed a significant 
enhancement of the effect of citalopram F(l,120)= 4,25. 

15 

Subcutaneous administration of l|imol/kg 2,5-dimethyl-3-(4-fluorophenyI)-l-[l-[2- 
(imidazolidin-2-on-l-yl)ethyl]-piperidin-4-yl]-lH-indole had no effect on rat ventral 
hippocampal 5-HT levels. Subcutaneous administration of 10 |amol/kg citalopram 
significantly increased 5-HT levels compared to control. Simultaneous administration of 
20 10 |Limol/kg citalopram with l)imol/kg Lu 29066 showed a significant enhancement of 
the effect of citalopram F(l,120)= 7,29 

Subcutaneous administration of 100 nmol/kg ketanserin had no effect on rat ventral 
hippocampal 5-HT levels. Simultaneous administration of 5 mg/kg fluoxetine with 100 
25 nmol/kg ketanserin showed a significant enhancement of the effect of fluoxetine 
F(l,69)= 2.28 
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1 . The use of a 5-HT2c receptor antagonist, inverse agonist or partial agonist for the 
preparation of a pharmaceutical composition to be used in combination with a serotonin 
reuptake inhibitor inhibitor. 

2. The use of a 5-HT2c receptor antagonist, inverse agonist or partial agonist for the 
preparation of a pharmaceutical composition useful for augmenting and/or providing 
faster onset of the therapeutic effect of a serotonin reuptake inhibitor. 

3. The use according to claims 1 or 2 wherein the serotonin reuptake inhibitor is used for 
the treatment of depression, anxiety disorders and other affective disorders, including 
generalized anxiety disorder, panic anxiety, obsessive compulsive disorder, acute stress 
disorder, post traumatic stress disorder or social anxiety disorder, eating disorders such as 
bulimia, anorexia and obesity, phobias, dysthymia, premenstrual s3aidrome, cognitive 
disorders, impulse control disorders, attention deficit hyperactivity disorder, drug abuse 
or any other disorder responsive to a SRI. 

4. The use of 

a) a compound, which is a serotonin reuptake inhibitor and a 5-HT2c receptor 
antagonist, inverse agonist or partial agonist, or 

b) a combination of a compoxmd, which is a serotonin reuptake inhibitor, and a 
compound, which is a 5-HT2c receptor antagonist, inverse agonist or partial agonist, 

for the preparation of a pharmaceutical composition useful for the treatment of 
depression, anxiety disorders and other affective disorders, such as generalized anxiety 
disorder, panic anxiety, obsessive compulsive disorder, acute stress disorder, post 
traumatic stress disorder and social anxiety disorder, eating disorders such as bulimia, 
anorexia and obesity, phobias, dysthymia, premenstrual syndrome, cognitive disorders, 
impulse control disorders, attention deficit hyperactivity disorder, drug abuse or any other 
disorder responsive to serotonin reuptake inhibitors. 
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5. The use according to claim 4 wherein a compound, which is a serotonin reuptake 
inhibitor and a 5-HT2c receptor antagonist, inverse agonist or partial agonist, is used for 
the preparation of the pharmaceutical composition.. 

6. The use according to claim 4 wherein a combination of a compound, which is a 
serotonin reuptake inhibitor, and another compound, which is a 5-HT2c receptor ligand, 
is used. 

7. The use according to claims 1-6 wherein a selective serotonin reuptake inhibitor is 
used. 

8. The use according to claims 1-6 wherein a compoimd, which is selective for the 5- 
HT2C receptor, is used. 

9. The use according to claims 1-6 wherein an antagonist or an inverse agonist at the 5- 
HT2C receptor is used. 

10. The use according to claims 1-4 and 6-9 wherein the SRI is elected from 
citalopram, escitalopram, fluoxetine, sertraline, paroxetine, fluvoxamine, venlafaxine, 
dapoxetine, nefazodone, imipramin, femoxetine and clomipramine. 

1 1 . The use according to claims 1-4 and 6-9 wherein 5-HT2C receptor ligand is selected 
from ketanserin, SB 242084, SB 206553, SB 243213, SB 228356, ritanserin, 
deramciclane, mirtazepine, mianserine, sertindole, YM 35 992, Ro 60-0795, Org 38457, 
Org 12962, EGIS 8465 andRS 102221. 

12. A pharmaceutical composition comprising: 

a) a compound which is a serotonin reuptake inhibitor and a 5-HT2C receptor antagonist, 
inverse agonist or partial agonist or, 
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b) a combination of a compound, which is a serotonin reuptake inhibitor, and another 
compound, which is a 5-HT2c receptor antagonist, inverse agonist or partial agonist, 

and optionally pharmaceutically acceptable carriers or diluents. 

5 

13. The pharmaceutical composition according to claim 12 comprising a compound, 
which is a serotonin reuptake inhibitor and a 5-HT2c receptor antagonist, inverse agonist 
or partial agonist. 

10 14. The pharmaceutical composition according to claim 12 comprising a combination of 
a compound, which is a serotonin reuptake inhibitor, and another compound, which is a 
5-HT2C antagonist, inverse agonist or partial agonist. 

15. A pharmaceutical composition according to claims 12-14 wherein the serotonin 
15 reuptake inhibitor used is a selective serotonin reuptake inhibitor. 

16. A pharmaceutical composition according to claims 12-14 wherein the 5-HT2c 
antagonist, inverse agonist of partial agonist is selective for the 5-HT2c receptor. 

20 17. A pharmaceutical composition according to claims 12-14 wherein the 5-HT2c ligand 
is a compound, which is an antagonist or an inverse agonist at the 5-HT2c receptor. 

18. A pharmaceutical composition according to claim 14 characterized in that the 
serotonin uptake inhibitor is selected from citalopram, escitalopram, fluoxetine, 

25 sertraline, paroxetine, fluvoxamine, venlafaxine, dapoxetine, nefazodone, imipramin, 
femoxetine and clomipramine. 

19. A pharmaceutical composition according to claim 14 characterized in that the 5-HT2c 
ligand is selected from ketanserin, SB 242084, SB 206553, SB 243213, SB 228356, 

30 ritanserin, deramciclane , mirtazepine, mianserine, sertindole, YM 35 992, Ro 60-0795, 
Org 38457, Org 12962, EGIS 8465 and RS 102221. 
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20. A pharmaceutical composition according to claim 12 wherein the pharmaceutical 
composition is adapted for simultaneous administration of the active ingredients. 

21. The pharmaceutical composition according to claim 20 wherein the active 
5 ingredients are contained in the same unit dosage form. 

23. A pharmaceutical composition according to claim 12 wherein the pharmaceutical 
composition is adapted for sequential administration of the active ingredients. 

10 24. The pharmaceutical composition according to claims 20 or 23 wherein the active 
ingredients are contained in discrete dosage forms. 

25. A method for the identification of compounds useful for the treatment of depression, 
anxiety disorders and other affective disorders, such as generalized anxiety disorder, 
15 panic anxiety, obsessive compulsive disorder, acute stress disorder, post traumatic stress 
disorder and social anxiety disorder, eating disorders such as bulimia, anorexia and 
obesity, phobias, dysthymia, premenstrual syndrome, cognitive disorders, impulse control 
disorders, attention deficit hyperactivity disorder, drug abuse or any other disorder 
responsive to serotonin reuptake inhibitors, comprising, in any order: 

20 

(a) measuring the ability of test compoimds to inhibit serotomn reuptake and 
selecting the compounds that have an IC50 value below 20 nM; 

(b) measuring the affinity of test compounds to the 5-HT2c receptor and selecting the 
compounds that have Ki values below 30 nM; 

25 

and thereafter measuring the efficacy of the selected compounds at the 5-HT2C receptor 
and selecting the compounds which are antagonists, inverse agonists or partial agonists at 
liie receptor. 



30 



26. A compound identified according to claim 25. 



